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Abstract. Continuum intensity images from PICARD/SODISM and SDO/HMI cov-
ering a 209-day period in 2011 are analyzed in order to extract mode parameters for
spherical harmonics up to l = 100. SODISM helioseismology signal is affected by the
low orbit of PICARD and by important gaps and CCD persistence effects. SODISM in-
tensity signal has a lower signal to noise ratio and duty cycle than HMI and less modes
were successfully fitted over the same period. A comparison of the rotation profiles
obtained from both sets of continuum images shows however that the results remain
compatible within one standard deviation of HMI formal errors.
1. Introduction
One-minute cadence low-resolution images (2562 pixels of about 8 × 8 arc-seconds)
recorded by the SODISM telescope (Meftah et al. 2013) on board PICARD satellite
(Thuillier et al. 2006) are available for a helioseismology “medium-l” program in inten-
sity (Corbard et al. 2008). We first discuss the calibration steps of the raw SODISM data
and then we compare the internal rotation rates inferred by inverting the frequency split-
tings obtained from both SODISM and HMI continuum images (at 535.7 and 617.3 nm
respectively) over the same 209-day period in 2011.
2. Characteristics of SODISM signal and data calibration
Three main characteristics of the SODISM signal can be outlined:
• Regular passages through the South Atlantic Anomaly (SAA) due to the low
orbit of the PICARD satellite (Irbah et al. 2012). On a 24-hr period, the SAA
corresponds to about 7% of the measurements which are affected (see Fig. 1).
• Orbital period around the Earth of about 100 minutes produces aliased peaks in
the power spectra of the low-degree p-mode signals.
• Presence of CCD persistence affecting about 10% of the images.
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Figure 1. Integrated intensity (i.e. l = 0 signal) of all images made at 535 nm
for the helioseismology program during two consecutive days (May 16-17, 2011).
The plotting symbol used depends on what was recorded the minute before: another
image at 535 nm (dark dots), an image at another wavelength (crosses) or a dark
current (triangles). Circles indicate when the satellite was inside the SAA during
image record. The color code for the crosses corresponds to the wavelength that
was observed the minute before: 215 nm (violet); 393 nm (blue); 607 nm (green);
782 nm (orange) (see online color figure)
Figure 1 clearly shows that the photometric level at a given minute depends on
what was recorded 1-min before (dark current or images at different wavelengths for
the astrometric program of PICARD). Different photometric offsets are thus introduced
in the helioseismic observations. This is the most problematic source of noise for he-
lioseismic analysis. As its origin is not fully understood yet (see also Hochedez et al.
2013), a posteriori ad hoc correction of the data is performed. The routine interruptions
for the astrometric program also create a 2-min aliasing in the power spectrum.
SODISM data calibration for helioseismic analysis must therefore include the fol-
lowing steps: identification of the measurements taken in the SAA through the geo
localization of the spacecraft, ad hoc correction of the CCD persistence and high-pass
filtering of the light curves by fitting e.g. Legendre polynomials. Finally, gaps smaller
than 5 minutes are filled using a linear prediction algorithm, which also helps in reduc-
ing the 2-min aliasing.
3. Results and comparison with HMI
The power spectra, mode parameters and internal rotation rates obtained from SODISM
images at 535 nm for the 209-day period going from 2011 April 16 to 2011 Novem-
ber 10 were presented in Corbard et al. (2013). Figure 2 further shows an example
of rotation-corrected m-averaged spectrum. The first spatial leaks ∆ℓ = ±3 are visible
with a clear leakage asymmetry. Such asymmetry was already mentioned by Korzennik
(1998) in the MDI intensity data but remained unexplained. However, Hill & Howe
Helioseismology from SODISM and HMI Intensity Images 3
Figure 2. Rotation-corrected, m-averaged spectrum of l = 50, n = 10 (indicated
by vertical dotted line) in a 200 nHz frequency window.
(1998) discussed that an error in the image radius can lead to a leakage asymmetry
around the target mode. A proper understanding of all instrumental effects affecting the
geometry of SODISM or HMI images is required to properly build the leakage matrix.
HMI continuum images at 607 nm covering the same 209-day period were first re-
duced to 2562 pixels and then processed through the same pipeline as SODISM images.
HMI images are recorded every 45 s with a duty cycle of 98% while SODISM images,
recorded every minute, reach only 74 % of duty cycle. The signal-to-noise ratio in the
power spectra is clearly better for HMI for which we were able to fit about 100 more
modes with l < 100 (865 modes versus 769 for SODISM). Up to 9 splitting coefficients
were fitted for each mode and Fig. 3 shows a comparison of the rotation profiles ob-
tained from both datasets by inverting the frequency splittings. In both cases we used
a regularized least square method (Corbard et al. 1997) together with the generalized
cross validation criteria of Wahba (1977) for the choice of the regularization parameter.
The uncertainties associated to each fitted splitting coefficient are propagated through
the inverse process leading to the formal error bars shown on Fig. 3 (dotted lines). The
results obtained from the two datasets remain compatible within one sigma for all lati-
tudes and depths. The main differences are found very close to the surface where higher
l modes would be needed to increase the resolution and at the equator where the local
maximum found at 0.93R⊙ from SODISM data (see also Corbard et al. 2013) is less
pronounced with HMI.
4. Conclusions
Because of the low orbit of the satellite and the interruptions of the helioseismic se-
quence for other science objectives, the calibration of SODISM helioseismology data
is a difficult task. The first comparison with HMI continuum intensity data shows how-
ever that we have reached a first satisfactory level of calibration. In order to fit higher l
modes, a major issue for both HMI and SODISM is to properly model the leakage ma-
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Figure 3. Internal rotation rate as a function of the fractional solar radius from the
radiative interior up to the photosphere for latitudes of 0◦, 15◦, 30◦, 45◦, 60◦ and 75◦
from top to bottom. Results obtained from HMI intensity data (full lines) are shown
with their one sigma formal error bars (dotted lines). SODISM results are shown by
the dashed lines.
trix. Comparison between the two datasets can help for this and we have now developed
a full pipeline that is able to handle intensity images from both instruments.
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